SUMMARY
Study protocol: All subjects underwent graded exercise stress testing according to Ellestad's protocol,17) using a predetermined optimal threshold workload. Exercise was terminated if any of the following occurred: 1) if a subject complained of severe chest pain; 2) if at least 85% of the maximum predicted heart rate was achieved with or without ST segment change; 3) if the electrocardiogram showed at least 1.5mm of ST segment depression, horizontal or downsloping; or 4) if the electrocardiogram showed a 2.0mm upsloping pattern 80msec from the J point.
The exercise threshold was determined at least 60min prior to each test. Under local anesthesia a 21-gauge Teflon needle, 5.5cm in length, was inserted into either the right or left brachial artery and the arterial pressure was measured with a transducer (1840, Hewlett-Packard). Signals were recorded by an 8-channel recorder (4850 D, Hewlett-Packard) with an FM tape and visual display. To obtain a clear pressure wave during the experiment, the arterial pressure was recorded with an Accudynamic apparatus and the arm of each subject was kept straight by a hand holder, while the patency of the needle was maintained by intermittent flushing with 0.9% normal saline (heparin was not used). Twelve-lead electrocardiography was performed at each stage using a Marquette Case system and a single lead (CM5) was recorded continuously throughout the study using a Nihonkoden Cardiofax. Treadmill testing was done on a Cambridge (p101) treadmill.
At rest measurements were made after hemodynamic parameters had been stabilized for at least 5min. After all parameters were recorded and arterial blood was collected, exercise testing was initiated and continued until the previously determined workload was reached. The deflection of the ST segment was measured 80msec from the J point in leads V1, V5, and aVF and also after 80msec in lead CM5 for at least 5 beats.
The brachial arterial systolic and diastolic pressures were measured at each stage and the mean of 10 beats was calculated. To assess subendocardial ischemia, the ratio between myocardial oxygen supply and demand was estimated as follows:18) the area under the systolic pressure curve (TTI) and the diastolic tension time index (DPTI), defined as the area in diastole, were activity. All controls had normal exercise performances without clinical or electrocardiographic evidence of any coronary artery disease. Table I summarizes the hemodynamic data and Table II summarizes the serum metabolite data at rest and during or immediately after exercise testing. The blood samples of the controls were collected during exercise and at the termination of exercise testing. We compared these intermediate and peak exercise values with those of the 2 patient groups, since the controls were able to exercise twice as long. Hemodynamic changes: There were no significant differences in any hemodynamic parameters between either patient group at rest. However in the controls, the systolic blood pressure was significantly lower and the DPTI/TTI ratio was significantly higher at rest, but both parameters approached values similar to the 2 patient groups from the intermediate exercise stage. The pressure rate product at rest was not significantly different in the patient groups and the controls. During exercise, the pressure rate product increased by 95% in Group 1, which was significantly less than the increases in Group 2 and the control subjects. The degree of ST segment depression in Groups 1 and 2 was significantly greater than in the control subjects, and in Group 1 the degree of ST segment depression was significantly greater than in Group 2.
Metabolic parameter changes:
The effects of exercise on these parameters were expressed in both real values and as percent changes from rest. The plasma thromboxane B2 level at rest in the control subjects was lower than the levels in either patient group, although not significantly. 
DISCUSSION
Recent studies have indicated that some episodes of angina pectoris or acute myocardial infarction are caused primarily by a reduction in the coronary blood flow that is due either to an increased coronary vascular tone25), 26) or to phasic platelet aggregation at the site of a coronary stenosis.3)-5), 9)-15) Further, exercise-induced angina, caused by an imbalance between myocardial oxygen demand and supply, also has some influence on the complex interactions of these metabolites in arteriosclerotic coronary vessels. Yajima et al27) have reported on the high cyclic nucleotide response and PGI2 levels that appeared in patients who had undergone exercise testing and have concluded that the diminution of these responses may be an important consideration in the physiology of ischemic heart disease. These researchers, however, did not measure hemodynamic parameters simultaneously while gathering the data for their study. We, on the other hand, have measured these metabolic changes simultaneously with the hemodynamic parameters, since no 
